only fast response instruments have been shown to record this short term variability. 52
The aim of this study was to: 53 I.
Quantify a suite of VOCs at an urban background and a kerbside site in winter and; 54 II.
Compare VOC volume mixing ratios from fast response PTR-MS measurements with the GC-55 FID measurements from the Automatic Hydrocarbon Network. 56
This study was part of the winter intensive observation period of the Clean Air for London project 57 
Synoptic wind direction dependencies and comparison with NAEI 263
To quantify wind direction dependencies (Section 3.5.1) and compare measured VOC mixing ratios at 264
MRd with the National Atmospheric Emissions Inventory (NAEI) for estimated emissions, general 265 linear models were used for each compound concentration against the four wind direction 266 categories. There was no significant difference in wind speed with direction. Correlations of VOC 267 concentrations with wind speed showed weak negative relationships (r = -0.38 to -0.14, p < 0.05) 268
indicating that a dilution effect depending on wind speed from above-canyon air mass mixing may 269 play a small role in street canyon concentrations. 270
All species showed significant differences in mixing ratios with wind direction (F-statistic 6.73 -41.8, 271 p <0.001 for measured compounds; F = 4.48, p<0.01 for estimated benzene) and agreed with the 272 polar plots. Differential source density within the four sectors and fetch variability over the city are 273 likely reasons. 274
Estimated emissions and observed concentrations for benzene agreed that low emission source 275 densities to the N resulted in low observed mixing ratios. The largest estimated emissions were to 276 the E, whereas measurements indicated the S. Regent's Park to the N and Hyde Park to the S have 277 large areas of low emissions reducing the estimates in these sectors. Emission estimates also ignore 278 background values from greater fetch across London. High localized emission sources seen in the 279 polar plots (Figure 8 ) could be responsible for higher measured VOC concentrations to the W and S, 280 which partially agrees with the high estimated emissions from the nearest westerly grid cell. 281
Estimated emissions from the NAEI are integrated over 1 km 2 grid resolution, but localized sub-grid 282 scale effects may be masked by the grid averaging area. It must be emphasized that the volume 283 mixing ratios were measured at ground-level within the street canyon, whereas the wind data are 284 representative of synoptic winds above the street canyons. 285 M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 9 significantly lower mixing ratios than at the MRd kerbside site, even though AHN data showed that 290 kerbside concentrations were higher during the first measurement period, suggesting site 291 differences due to the location with different source strengths and proximity. 292
Comparison of PTR-MS and GC-FID data from MRd for aromatics showed good correlation and 293 qualitative agreement. However, PTR-MS data were significantly higher possibly due to some 294 isobaric interference from additional compounds and fragments, and possibly systematic errors 295 introduced during instrument background corrections. Short term variations in the ratio of traffic 296 related compounds from differences in traffic density, driving style, vehicle and fuel types were 297 observed by PTR-MS at MRd site and higher correlations with CO for PTR-MS than the GC-FID 298 measurements were likely due to the fast response and longer sampling times of the PTR-MS. The 299 AHN can only report hourly arithmetic means due to the methods employed, possibly leading to a 300 reporting bias and a loss of information on short term variability. 301 Elevated concentrations were mostly observed when synoptic-scale wind speeds were low at NK as 302 dispersion of localised emissions was reduced. However, some non-local emission sources were 303 detected using polar plots and possible sources were identified. There were significant differences in 304 VOC concentrations with wind direction. When compared with estimated benzene emissions by the 305 NAEI, estimates were less representative when VOC concentrations were high, as they are unable to 306 capture the influence of city background emissions and reduced local sub-grid emission source 
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• Measurements were compared with the automatic hydrocarbon network.
• Vehicle emissions were the main source at both urban background and kerbside sites.
• Some effects of temperature on compound correlations were observed.
• Excellent qualitative agreement was seen between the measurement instruments. 1c. 2c. 3c.
4c. 5a. 4a. Extensive comparisons of the measurement sites and the mean meteorological 4 measurements during the two measurement periods are summarised in Table A1 . 5
GC-FID operating cycle

A1. PTR-MS 6
A high-sensitivity proton transfer reaction-mass spectrometer (PTR-MS) fitted with three 7
Varian turbo-molecular pumps and a 9.5 cm long drift tube was used for online 8 measurements VOC mixing ratios. During each deployment of the PTR-MS, drift tube 9 pressure, temperature and voltage were kept constant at 2.06 mbar, 48 °C and 550 V 10 respectively to maintain an E/N ratio of 125 Td. Air was subsampled from the main line with 11 an inlet flow rate of 0.25-0.3 l min -1 . The primary ion count (m/z 19) ranged between 6 -14 x 12 10 6 cps with a mean of 11 x 10 6 cps. The H 3 O + . H 2 O + water cluster ions ranged between 6.5 x 13 10 4 -2.6 x 10 5 cps with a mean of 1.4 x 10 5 cps which represented on average 1.7% of the 14 primary ion signal, while the O 2 + signal (m/z 32) was <2% of the primary ion signal. The 1 h 15 measurement protocol consisted of 5 min zero air measurements using a zero air generator 16 (Parker Balston, UK), then 25 min MID mode, followed by 5 min mass scans and another 25 17 min in MID mode ( Figure A1 ). During the MID mode, 11 selected masses were measured 18 with a dwell time of 2 s per mass and 0.5 s for the primary ion, resulting in a 20.5 s cycle 19 time, whereas SCAN modes cycled through the mass range m/z 21 -206 with a dwell time 20 of 0.5 s each. 21
A2. GC-FID 22
The GC-FID method used by the AHN has recently been linked to the QA/QC procedures of 23 the EU Infrastructure Project ACTRIS (www.actris.net). The method includes a TurboMatrix 24 thermal desorption (TD) unit with an online sampling accessory to gather samples directly 25 from ambient air. The TD extracts the compounds onto an adsorbent trap, which is cooled to 26 -30°C. The analytes are then thermally desorbed and transported through a heated transfer 27 line by a carrier gas to the GC. The GC contains two columns and compounds are separated 28 by volatility into two fractions. The flame ionization detector (FID) monitors the 29 chromatography on two columns. After a 40 min sampling period the sample is injected into 30 the GC and the trap automatically begins collecting the next sample after 20 min ensuring 31 hourly sample acquisition. 32
Inter-comparisons with the VOC standards used by the AHN were not possible, therefore 33 uncertainties associated with the AHN standards cannot be discounted and may have 34 Jan 2012 showing the linear regression with correlation coefficient (r). We gratefully 157
acknowledge James Hopkins and Rachel Holmes (University of York) for making the data 158 available for analysis. 159
